SUMMARY The production of atrioventricular block by intracardiac discharges at up to 300 W-sec delivered through standard electrophysiologic catheters is a safe and effective treatment for some patients with supraventricular tachycardias. We evaluated the possibility that a similar technique using a catheter in the coronary sinus might be useful in ablating left-sided bypass tracts associated with the Wolff-ParkinsonWhite syndrome.
PATIENTS with the Wolff-Parkinson-White syndrome are now considered candidates for surgical division of the bypass (Kent) tract when they are refractory to medical therapy, have sustained untoward drug reactions, or face a lifetime of daily drug therapy for a sporadically recurring arrhythmia. Surgery's is also a valuable option for a bypass tract with a short refractory period, because of the possibility of sudden death due to a rapid ventricular response in the event of atrial fibrillation or flutter. Despite the value of medical or pacer therapy in some patients with the Wolff-Parkinson-White syndrome, surgery has remained the only "curative" therapy.
The development of a closed-chest technique to ablate the bypass tract is an intriguing possibility.5'6 The production of complete atrioventricular block using a direct current shock from a conventional defibrillator connected to an intracardiac catheter positioned in the region of the His bundle has been convincingly demonstrated in dogs7 and in patients8' 9 with medically refractory supraventricular tachycardias. In one patient, a septal Kent pathway was inadvertently destroyed using this technique.8
The possibility of ablating bypass tracts near the coronary sinus using catheter-delivered shocks led us to assess the acute and chronic effects of graded shocks delivered to the coronary sinus. We especially noted the energies that resulted either in desirable histopathologic changes or rupture of the coronary sinus.
Methods
Twenty-seven mongrel and greyhound dogs, 20-25 kg, were anesthetized with pentobarbital only and ventilated with a Harvard volume ventilator. The pericardium was exposed through a left thoracotomy and opened anterior and parallel to the phrenic nerve Higher-output discharges were delivered by USCI catheters in two other dogs. In one dog, three discharges at 240 J were made at a single site; in a second dog, single discharges of 240 J were delivered at two sites in the coronary sinus. These dogs were killed immediately.
Chronic Experiments
Nineteen adult mongrel dogs were used in the chronic experiments (table 1). Eighteen dogs were killed 2-11 weeks after injury; one died acutely from rupture of the coronary sinus. Left-heart catheterization and left coronary artery angiography were performed in all dogs before sacrifice. The hearts were removed and angiograms made of the coronary sinus by cannulating a branch on the anterior surface of the heart or by retrograde cannulation through the coronary sinus ostium; left coronary artery angiography was also performed. The hearts were then examined grossly and microscopically.
Results

Acute Experiments
The five dogs that received 35-45-J discharges and the control dog remained hemodynamically stable during the 6-hour observation period. Volume replacement was required for a drop in central venous or left atrial pressure. No elevation of filling pressure occurred.
Serial ECGs showed a gradual progression of Twave inversions, especially in leads I, aVF and V4, in all six dogs. Dog 4 had the most marked changes, both in T-wave inversions and in the development of a deepened Q wave in lead V4 ( fig. 1) . None of the other dogs had significant change in the QRS complexes and none of the chronic dogs showed segmental wall motion abnormalities suggesting myocardial infarction. CPK MB was absent at 6 hours after injury in all dogs.
At autopsy, extensive first-and second-degree burns (approximately 2 cm long) of the coronary sinus were noted in all dogs. On cross section, extensive ecchymosis and edema surrounded the coronary sinus and extended to the adjacent left atrial and ventricular walls, and the coronary sulcus from the annulus of the mitral valve well out onto the epicardial fat. In one dog, a localized 3-mm perforation was noted in the coronary sinus at the site of the burn. This perforation was sealed with a fresh thrombus and the lumen of the coronary sinus was patent. In all acute experiments, the circumflex coronary artery appeared intact and was patent. Microscopic examination confirmed these gross findings ( fig. 2) .
More extensive damage occurred in the two dogs that received 240-J discharges. The shock site in all except dog 9, which had a mottled scar. Fibrosis varied from 7 mm to 2.3 cm in length, and was located from 0-5 mm from the mitral valve annulus. Scarring on the left atrial wall at the site of cathodal discharge was found in all 16 dogs, whereas at the anodal site scarring was present in 1 1 of 16 dogs. Several scar patterns were observed ( fig. 3) . The gross lesion found in dog 5 is illustrated in figure 4. There was mild stenosis to complete occlusion of the coronary sinus at the site of injury ( fig. 3) . In dogs in which complete occlusion was found, extensive venous collaterals were found on the surface of the left ventricle, the left atrium, and the right ventricle around the site of the obstruction ( fig. 5) .
Gross damage to the circumflex coronary artery was not found in any dog. Coronary arteriograms were normal ( fig. 6 ). Left ventricular contractility was normal as assessed by right anterior oblique and left anterior oblique left ventriculograms at rest and during an isoproterenol infusion. Left ventricular end-diastolic pressure was normal in all dogs. Gross and microscopic examination of the hearts revealed normal myocardium except adjacent to the shock.
Serial sections were made through each gross lesion observed on the endocardial surface of the left atrium. produced by the electrical discharge. Despite the close proximity of the circumflex coronary artery, it was unaffected by the insult produced nearby except in three dogs in which there was mild to marked intimal hyperplasia (fig. 8 ).
Discussion Production of atrioventricular block by discharging an electrical shock through an electrode catheter placed over the His bundle appears to be safe and effective.8 9 Discharges of 300 J do not significantly damage the tricuspid valve, but produce permanent heart block. Anomalous pathways on the left and right free wall, however, lie in the coronary sulcus. On the left side, these pathways are close to the coronary sinus and circumflex coronary artery; on the right, they are close to the right coronary artery. Left free wall pathways are located by endocardial mapping using a catheter in the coronary sinus.'0 Within the fat of the coronary sulcus, left-sided pathways appear in a variety of locations from endocardium to epicardium,"t 2 and catheter mapping does not determine the proximity of the pathway to the left atrial wall or epicardium of the coronary sulcus. Damage produced by an electrical discharge extensive enough to cause fibrosis of the coronary sulcus and the atrial wall above the annulus of the mitral valve may be sufficient to interrupt anomalous conduction.
The present study shows that an electrical discharge into the coronary sinus produces fibrosis of the left atrial wall, damage to the coronary sinus and damage within the coronary sulcus, but does not significantly injure the circumflex coronary artery unless more energy is used. Left ventricular function is not impaired. The circumflex coronary artery appears to be less sensitive to damage than the left atrial musculature. A similar degree of insensitivity of the right coronary artery is anticipated, particularly if an electrical discharge were applied directly to the right atrial endocardium above the tricuspid valve annulus. The temporary electrode catheters we used have an interelectrode distance of 1 cm. Multiple discharges of 35-45 J produced a confluent area of fibrosis 2 cm long in only three dogs ( fig. 3) . The lesser degrees of fibrosis produced in other dogs may have been due to the location of the electrode within the coronary sinus, the presence of fatty tissue between the coronary sinus and left atrial wall, or an insufficient discharge of energy. The dog heart is smaller than an adult human heart, and the technique may be most successful in children. 
